Objective: To assess the independence of changes made in diet and physical activity for weight loss; and, to examine the comparative and cumulative effects of these behavioral changes on weight loss outcomes. Design: The observational study is based on longitudinal data collected from 674 women and 288 men enrolled in a 2-year weight loss program introduced into a managed care setting. Measurements: The outcome variable was body mass index (BMI) change from baseline to 2-year follow-up. Primary independent variables were changes in physical activity and dietary fat intake, assessed as continuous measures using the Paffenbarger Physical Activity Questionnaire and Block Fat Screener Questionnaire, respectively. Two-way ANCOVA was used to assess the relative effect on BMI of behavioral changes. Results: Study results showed no preference for diet or physical activity change as a weight loss strategy. For both genders, the relationship between the two behaviors was synergistic rather than compensatory. Examination of the comparative benefits of behavioral changes indicated that, for women and men, restricting fat intake was more effective than increasing exercise for weight loss. While fat restrictions alone contributed to weight loss in both genders, exercise alone provided weight loss benefits to men, only. The cumulative effect of weight loss behaviors varied by gender. In women, an interaction was observed. The response of weight to fat restriction was greater among those who increased their exercise moderately or substantially. In men, there was no interaction; exercise increases helped to offset weight gain or provided small weight loss benefits at all levels of dietary fat change. Conclusion: Dietary changes appeared to be more effective than increased physical activity for weight loss. For women, the cumulative effect of concomitant changes in diet and exercise on weight loss was more than additive.
Introduction
Pervasive, poor dietary habits and sedentary lifestyles have resulted in an epidemic of obesity. From 1991 to 2000, the prevalence of obesity rose 51%, 1 and if this increasing trend continues, obesity will soon overtake tobacco as the leading preventable cause of death. 2 Giving rise to obesity is a chronic positive imbalance between energy intake and energy expenditure. 3 Current weight loss recommendations advise decreasing caloric intake and increasing physical activity to generate an overall negative energy balance and are based on extensive research demonstrating the independent benefits of both behaviors on weight control. [4] [5] [6] What emphasis to place on diet vs physical activity in addressing clinical and public health needs has not been resolved and invites the question of which behavioral change or combination of behavioral changes is most effective and realistic. Assessment of the relative benefits of dietary changes and increased exercise on weight loss are largely based on comparisons between program types and would suggest that dietary changes are more effective. For example, Wood et al. 7 compared body weight loss outcomes of overweight men randomized to diet-and exercise-only treatment groups and found that dieters lost, on average, 7.870.9 kg compared with 4.670.8 kg lost by exercisers. Similarly, Miller et al. 6 examined the relative effectiveness of diet-and exercise-only programs in a meta-analysis of weight loss research conducted between 1969 and 1994 and determined that mean weight lost through diet alone was 10.770.5 kg compared with 2.970.4 kg lost through exercise; however, weight maintenance 1-year postprogram was not significantly different between the two program types. While informative, assessing the relative efficacy of weight loss behaviors by comparing outcomes of distinct program types may be limited. For instance, Miller et al. 6 noted in their meta-analysis that systematic differences existed in the study samples and characteristics of exercise-and diet-only programs. As compared to diet-only studies, exercise intervention studies involved subjects who were typically younger, weighed less, and had lower initial values for both body mass index (BMI) and initial percentage body fat. Exercise interventions were also, on average, 6-8 weeks longer than diet studies. Such comparisons between single behaviorfocused programs also risk misrepresenting the potential effects of behavioral changes that are made in combination with other changes, which may be a more common approach for individuals seeking to lose weight. A stronger study design for assessing the relative importance of weight loss behaviors is to examine their independent effects on outcomes within a single program designed to encourage change in both behaviors. Several prospective studies have examined within-program behavioral predictors of body weight change, [8] [9] [10] [11] but only two assessed the relative impact of weight loss behaviors on long-term weight loss outcomes; their results are somewhat inconsistent. Jakicic et al. 11 determined that changes in eating behaviors were more effective than changes in exercise and based comparisons on the percent of variance in long-term weight loss explained by the two behaviors. In contrast, Harris et al.
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assessed the relative benefits of mean changes in the intake of dietary fat vs exercise and found that, when taking into consideration the average level of change individuals were willing to make in each behavior, there was no difference in the independent effects on weight loss. These findings raise the additional question of whether the relative benefits of dietary and exercise behaviors are modified in part by the level of change individuals are willing to make in each behavior.
To thoroughly investigate the relative benefits of weight loss behaviors, one must also attend to the potential interaction effect of diet and exercise on weight loss outcomes. Experimental and randomized controlled trials conclude that programs combining changes in both behaviors are generally more effective at reducing weight than programs oriented to either behavior alone. 6, 11, [12] [13] [14] [15] However, there has been no empirical research to-date to determine if the cumulative effect of the two behaviors is simply additive or if an interaction exists. Some researchers have suggested that the relationship may, in fact, be synergistic. Synergistic components of the interaction would include, for example, the effect exercise may have on counteracting the negative impact of caloric restriction on resting metabolic rate 16 and on facilitating the release of energy from adipose tissue. 17 Independently, these effects may be too small to affect weight loss outcomes; however, in combination with other effects, they may give rise to measurable change. It is also possible that the nature of the interactive effect is dependent upon the level and type of behavioral changes made and the characteristics of individuals making the changes. In particular, gender differences may exist due to differences in male and female responses to increased physical activity on weight loss. Several studies have shown that exercise is more efficacious in reducing weight among men compared with women. [18] [19] [20] As noted, an investigation of the relative benefits of weight loss behaviors must also take into account the willingness of individuals to adopt various levels of change in each behavior. There has been limited research to-date on patterns of change in exercise and diet when undertaken in the same time frame for weight management. Specifically, do the behaviors operate independently or do changes in one behavior promote or inhibit changes in the other? Correlational studies showing that physically active adults choose healthier diets that are lower in dietary fat compared to their sedentary counterparts 21 and research indicating that exercise limits a preference for dietary fat 22 suggest that the relationship may be positive and synergistic. Prospective and clinical studies provide less clear results, however. One prospective study reported a modest correlation between favorable changes in dietary and exercise behaviors of overweight women. 11 Two clinical studies reported a compensatory relationship, such that obese and sedentary individuals increased their caloric intake to compensate for increased exercise, 22, 23 whereas other clinical studies found no increases in intake with increased exercise. 24, 25 Here, too, gender differences may exist with respect to the interaction of behaviors. Women have been shown in clinical studies to compensate for energy expenditure by increasing their energy intake to a greater extent than men. [26] [27] [28] The purpose of this study was to address the research gaps noted above and thus inform future weight loss programming by examining the relationship between weight loss behaviors and the nature of their interaction effect on weight loss outcomes. This study draws on longitudinal data from the Weigh-to-Be (WTB) Project, a 2-year weight loss intervention in a managed care organization, to examine the relationship between a dietary restriction (reducing dietary fat intake) and physical activity. Questions asked in this study are: 
Methods

Subjects and methods
Data were from baseline and four follow-up surveys administered every 6 months over 2 years in the WTB study. WTB was a randomized trial that evaluated the efficacy of an intervention to reduce weight in a managed care organization (MCO). The study assessed the effectiveness of phoneand mail-based interventions in comparison to usual care. Overweight MCO members were recruited from four clinics through use of direct mail announcements, posters, flyers, referrals from clinic physicians and nurses, and the MCO web site. Details of the study design are reported elsewhere. 29 All participants were volunteers 18 years or older with a BMI index greater than 27.0 kg/m 2 , based on reported height and weight.
Data for the present paper were derived from 674 women and 288 men (53% of the total sample enrolled at baseline) who completed questionnaires at baseline, 2 years and at least once at 6, 12, or 18 months. Compared to those without complete data, participants in the present study were significantly older (mean age 52.7 vs 48.4 years), more likely to be married (73 vs 67%), college educated (81 vs 74%), and white (94 vs 88%). Mean BMI was slightly lower for participants than nonparticipants (33.6 vs 34.9) . No other characteristics, including mean baseline measures of fat intake and physical activity levels, were significantly different between the two groups.
Measures
This report is based on the following data collected at baseline and follow-up assessments.
Change in physical activity. Physical activity was assessed at all time points using the Paffenbarger Physical Activity Questionnaire. 30 Change in physical activity was calculated by subtracting the baseline physical activity score from the average score at follow-up assessments. Average score was used in this calculation instead of the final follow-up score because it was considered to better represent activity habits during the 2-year intervention period. The physical activity score is measured in kilocalories per week and is based on the sum of calories expended through several forms of activity. Subjects are asked to report on the number of city blocks walked in the past week, the number of stairs climbed, and leisure-time activities performed. Since the measure assesses both informal activity involved in daily living and leisuretime activity, the terms 'physical activity' and 'exercise' are used interchangeably in this paper. Although subject to considerable error in estimating energy expenditure, when compared with more accurate criterion measures, 31 this selfreport measure has been shown to be able to detect changes in exercise produced by treatment. 32 The Paffenbarger questionnaire has demonstrated satisfactory reliability 33 and predictive validity. 10 It was also shown to be sensitive to changes in physical activity in intervention studies. 34 Change in fat intake. This study focuses specifically on reductions in dietary fat intake, which was encouraged in the weight loss program and is widely recognized as an effective dietary strategy for promoting weight loss. 35, 36 Fat intake was measured using a modified version of the Block Fat Screening Questionnaire. 37 This instrument asks subjects to report on the frequency of eating 15 specific foods or food groups representing major fat sources in the US population (hamburgers, eggs, french fries, salad dressings, etc.). Although this instrument is not a comprehensive measure of dietary fat intake, it has been shown to discriminate successfully between persons who are low vs high in total dietary fat intake. 38 The questionnaire was used to estimate fat intake during the past year in the baseline survey and during the past 6 months in the follow-up assessments. For each of the 15 foods, participants indicated their frequency of consumption (less than 1 x month, 2-3 x months, 1-2 x weeks, 3-4 x weeks, 5 þ x weeks). A fat intake score provided a rough estimate of the sum of the weekly frequencies of each food group and was calculated for each participant. Change in fat intake was calculated by subtracting the baseline fat intake score from the average score at follow-up assessments to provide a summary measure of change.
Reduction in calories.
As a separate measure of dietary change, effort to reduce calories was assessed at all four follow-up time points by use of a single item that asked participants to indicate whether or not they had worked to reduce the number of calories they ate in the past 6 months, and if so, for how many weeks. For the analyses, an average number of weeks over a 6-month interval was calculated, providing a continuous measure of effort to reduce energy intake. Ideally, a comprehensive dietary intake instrument would have been used to measure changes in diet other than changes in dietary fats that may have affected BMI. However, this was not feasible due to time constraints in completing surveys. Efforts to make other dietary changes were assessed similarly to reducing calories, but were not included as additional covariates because they lacked sufficient quantitative strength and were not independently related to the outcome when controlled for other variables.
Demographic and body-composition data. Baseline data were collected for age, sex, education, ethnicity, and marital status. Additional baseline information was collected on current medication use for depression (y/n) and participation in a formal weight loss program in the last 2 years (y/n). BMI was computed at baseline and 2-year follow-up from measured weight and height (kg/m 2 ).
Comparative and cumulative effects CL Dunn et al Analysis Physical activity scores were highly skewed and fat scores were moderately skewed. Quintile values were used in place of reported values of both exercise and fat intake change to avoid excessive influence from very high scores. The transformations did not significantly degrade the predictive strengths on BMI. Fat change scores were reversed before creating quintiles so that high scores represented large reductions in fat intake and were consistent with large positive changes in physical activity.
A small percentage of physical activity change scores (o5%) were improbably high, indicating reporting error. So as not to unduly influence the descriptive analyses, outlying scores were Winsorized 39 to 8400 kcal/week, which equates to the energy expended walking briskly or jogging 2 h per day (1200 kcal) Â 7 days/week. This procedure did not affect the ranking.
Respondents were classified according to their change score quintile for physical activity and dietary fat, respectively, with quintiles representing the following levels of change: À1 (reversed behavior change), 0 (negligible change, if any), 1 (slight positive change), 2 (moderate positive change), 3 (significant positive change). For consistency in gender-stratified analyses, quintile cut points were determined on the basis of the total study sample.
Analyses were conducted separately for each gender to assess the following areas: (1) the relationship between behavioral changes in fat intake and physical activity, (2) the comparative effect of weight loss behaviors on BMI, and (3) the cumulative effect of weight loss behaviors on BMI change.
To examine the relationship between weight loss behaviors, frequencies and percentages were calculated within behavior change quintiles. The t-test for independent proportions and the w 2 test were used in the analyses of changes made in dietary and exercise behaviors. Two levels of behavior change were assessed. General-level changes examined the degree to which negative, negligible, and positive behavior changes were related. Positive-only changes examined the degree to which small, moderate, and substantial positive changes in the two weight loss behaviors were related. The comparative and cumulative effects of weight loss behaviors on BMI were assessed simultaneously. Sex-specific two-way analyses of covariance (ANCOVA) using quintiles of change in fat-score and change in exercise-score with interaction were used to generate 25 adjusted mean weight losses. Covariates included baseline BMI, 40 weeks effort reducing calories and factors significantly associated with weight loss outcomes at 12 months, including age (positively associated with weight loss success), past participation in a formal weight-loss program (inversely associated), and current use of depression medication (inversely associated).
While not disproportionately affecting weight loss, treatment group assignment may have influenced the weight loss behaviors of interest in the present study and was also controlled for in the analyses. Additional covariates of baseline fat intake and physical activity as well as those determined to be significantly different between men and women at baseline (i.e., marital status, education and race) were included in separate analyses. But since these analyses yielded virtually identical results, those of the more parsimonious models are presented. For each gender, the 25 adjusted means were plotted in two forms. The first looked at the relationship between loss in BMI and change in fat score conditional on quintile of change in exercise, while the second looked at the relationship between loss in BMI and change in exercise score conditional on quintile of change in fat score. Based on the empirical relationships, simplified models were tested for adequacy compared to the full ANCOVA model by the use of conditional F-tests. 41 Examples of simplifications are treating rank of a change score as a continuous independent variable instead of categorical, or the pooling of quintile categories of a change score where the relationship with loss of BMI appeared similar. Substantive interpretations are based on the gender-specific simplified models. Analyses were conducted using SAS (Release 8.2, 2000); 42 the multivariate regressions were fit using proc GLM.
Results
Characteristics of participants
Descriptive statistics at baseline and follow-up for demographic and behavioral variables included in the analyses are presented in Table 1 . Participants were predominantly white, married, and college educated; the mean BMI was 33.6 kg/m 2 . Mean fat intake and physical activity scores at baseline were 35.0 and 1067 kcal/week, respectively.
Compared with women, men were significantly older, more likely to be married and more likely to be college educated. Significantly more women reported current use of a depression medication and previous participation in a formal weight loss program. Men had higher baseline fat intake and exercise scores than women, although the mean BMI of women was higher. During the course of the 2-year intervention, men and women decreased their mean intake of dietary fat and increased their mean exercise levels, with no significant differences in mean changes by gender.
Relationship between weight loss behaviors
To assist with interpretation of the analyses that follows, Tables 2a and b present the frequency of change by fat intake and physical activity quintile levels for women and men, respectively. As specified in the table margins, mean changes within quintiles varied only slightly between women and men; however, quintile cut points were based on the total sample.
The bottom right quadrant of Table 2a shows that, for women, 237 (36%) made positive changes (i.e., small, Comparative and cumulative effects CL Dunn et al moderate, substantial) in both their fat intake and physical activity scores. The number of women who made positive change in only their exercise score (n ¼ 128, 21%) was similar to the number of women who made positive changes in only their fat intake score (n ¼ 145, 22%). Slightly fewer women (n ¼ 132, 20%) reported negative or negligible changes in both behaviors. There was little difference in the percent of women who changed one vs both behaviors.
Disproportionately more women than expected made parallel, general-level (i.e., negative, negligible, positive) Comparative and cumulative effects CL Dunn et al changes in diet and exercise behaviors, which indicated a promoting rather than a compensatory relationship between the behavioral changes made (X 2 4 ¼ 11.7; P ¼ 0.02). Restricting attention to the subsample of women who made positive-only changes in both behaviors, significance testing revealed that changes made in diet and exercise were independent.
For men (Table 2b) , 113 (41%) made positive changes in both dietary fat and physical activity scores. Slightly more men decreased their fat intake only (n ¼ 67; 24%) than increased their exercise only (n ¼ 57; 22%). A small percent of men (n ¼ 41, 15%) made negative or negligible changes in both behaviors. As observed in women, there was no significant difference in the percent of men who changed one vs both behaviors.
In men, there was no association between general-level changes made in diet and exercise; however, there was an association between levels of positive change made in the two weight loss behaviors (X 2 4 ¼ 13.2; P ¼ 0.01). This association, observed among those who made favorable changes in both behaviors, was also due to disproportionately more men than expected making parallel change in diet and exercise behaviors. As in women, this indicated a promoting rather than a compensatory relationship between the behavioral changes made.
Comparative and cumulative effects of dietary changes and physical activity on weight loss Women. In Figure 1 the slopes for BMI change against fat change quintile conditional on exercise change quintile appeared to be flat for negative change in exercise, down-sloping for negligible or small changes in exercise, and considerably steeper when the exercise change was moderate or substantial, indicating increased benefits of dietary change with concomitant exercise change. We fit a model that, besides the covariates, included an interaction of fat change quintile (as a continuous value) with exercise change categorical (R 2 ¼ 0.156, df ¼ 15). In accordance with the visual impression from Figure 1 , we further simplified the model by collapsing the exercise change quintile categories into two levels (negative/negligible/small vs moderate/substantial). We found little degradation of the fit (R 2 ¼ 0.149, df ¼ 9; Pvalue for change in fit ¼ 0.55). Comparative and cumulative effects CL Dunn et al
The simpler model for women is presented in Figure 2 and describes the impact of reducing dietary fat intake on BMI for low vs high exercise change groups. Differences in the slopes highlight the interaction effect. Changes in fat had a consistent, positive effect on BMI in the expected direction in both exercise groups; however, the combined effect of large positive changes in fat intake and exercise was more than additive. High exercise change combined with negligible fat change resulted in a À0.2 kg/m 2 change in BMI.
Substantial fat change combined with low exercise change resulted in À0. Men. Figure 3 presents means changes in BMI (adjusted for covariates) across fat change quintiles within quintiles of exercise change for men. Responses of BMI to change in fat intake at all levels of exercise change were more variable for men than for women, making interpretation difficult. However, visual inspection of the connecting lines indicated a general down-slope relating changes in fat intake to BMI change within exercise change categories. The corresponding slopes were approximately parallel. However, in those making substantial change in exercise the change in BMI was observed to be greater overall across the fat quintiles. The responses in the other groups were more varied and generally less. Total variance in BMI change explained by the full regression model in men was R 2 ¼ 0.243, df ¼ 30. There was no evidence of an interaction effect in men, and the term was not significant (P ¼ 0.593).
In accordance with the visual impression in Figure 3 , a simpler model (which included the covariates) was fitted with fat change quintile value as continuous (slope), and exercise change categorical, giving R 2 ¼ 0.193, df ¼ 11. Then a further simplification was made with change in exercise dichotomized as high (substantial) vs low (all other categories). This model gave R 2 ¼ 0.192, df ¼ 8; P-value for change in fit was 0.938. The simpler model for men is presented in Figure 4 , and describes the impact of reducing fat intake on BMI for low vs high exercise change groups. Parallel negative slopes indicate that the responses of BMI to fat change were the same in the two exercise change groups, but with an added benefit of À0.6 kg/m 2 (P ¼ 0.045) in the high exercise change group at all levels of fat change. This effect offset some weight gain at lower levels of fat change and provided an additional weight loss benefit at higher levels of fat change.
To assess the comparative benefits of dietary and exercise changes, we examined the fitted responses under the simple model. Figure 4 shows that the effect of substantial change in 
Discussion
The purpose of the present investigation was to examine both the comparative and cumulative weight loss benefits of changes in dietary fat and physical activity. Previous studies have indicated that dietary changes may have a greater effect on weight loss than increases in physical activity, but few studies have examined the relative contributions of the two behavioral changes when performed during the same time frame; no study has examined the nature of their cumulative effect on weight loss. This study uniquely examined these issues in men and women, separately, while also taking into consideration relative effects at various levels of behavioral change. An additional aim of this study was to assess the relationship between diet and exercise behaviors.
Study findings indicated that there was no preference for diet or physical activity as weight loss behaviors. Participants were also no more likely to make a positive change in one vs both behaviors. In general, positive changes in diet promoted positive changes in exercise, which is consonant with a previous prospective study that reported a correlation between the two behaviors. 11 While this association does not provide information on causation, researchers have speculated that the potential for physical activity to improve mood and other psychological correlates [43] [44] [45] [46] may support better management of food intake levels. 47 The completion of exercise may also enhance adherence to diet-related behaviors, such as self-monitoring food intake, and thereby promote weight loss. 48 Results of this study support the superiority of dietary changes compared with increasing physical activity in the treatment of obesity. Moderate or substantial reductions in dietary fat were consistently associated with weight loss in women and men, irrespective of changes made in levels of physical activity. Roughly equating units of the Block Fat Screener Questionnaire to servings per week of a high-fat food items, these changes represent average reductions of 5-10 servings/week. In contrast, even substantial increases in exercise, averaging 5581 kcal/week, conferred almost no weight loss benefits in women without corresponding, favorable changes made in dietary fat intake. In men, substantial increases in exercise were independently efficacious and helped to offset weight gain or provided small weight loss benefits at all levels of dietary fat change.
The differential effect of exercise in men and women is curious. Differences may be due to a reporting bias or it may be that men and women are differentially affected by components of the energy balance equation. Exercise has been shown to be more efficacious in men compared with women, 18, 19 and researchers have speculated that this may be due, in part, to increased energy expended by men at the same level of physical activity as women. 49 It may also be due to locations of storage in men vs women and how quickly it is mobilized from these regions during weight loss (upper body for men and gluteal-femoral region for women). 50, 51 However, in this study, all of the participants were overweight or obese, so it is likely that women also had excess fat stored in the abdominal region where it could be mobilized more quickly. A difference was also observed between women and men in the cumulative effect of the weight loss behaviors. In women, an interaction was observed. Each weight loss behavior enhanced the effect of the other, but the level at which they enhanced each other was different. Moderate to substantial increases in exercise were needed to enhance the effect of dietary change, whereas all levels of fat restriction enhanced the effect of exercise. In men, no interaction was evident. This may point to an unexplained physiological difference between men and women or it may be a measurement artifact. For instance, it is possible that unmeasured predictors (e.g., resting metabolic rate) were more operative than dietary fat intake and physical activity in men. Similarly, the smaller sample size and greater variability of data on men may have made it more difficult to detect an interaction effect. Alternatively, the interaction effect observed in women may be due to a reporting bias. For instance, women who applied themselves to making substantial changes may have provided more accurate information about their diet and exercise practices compared with those who were not committed to a high degree of change. Why this same pattern was not observed in men is unclear and warrants future investigation.
A few study limitations should be noted. First, the singleitem measure used to assess caloric reduction may not have adequately controlled for the effect of dietary changes other than reducing fat on the outcome measure. Previous prospective research has shown fat intake to be the only predictor of weight change when examined in combination with the intake of all other macronutrients and total calories, 10 which would suggest that the effect of unmeasured dietary changes in this study might be limited. Second, while the study benefited from a large sample that allowed us to examine the study questions in men and women separately, results are based on individuals who provided the necessary follow-up data and may not represent all participants in the intervention trial. Similarly, because the sample was drawn from a managed-care population, results are not generalizable to a random or representative communitybased sample. Third, consistent under-reporting of fat intake or over-reporting of physical activity may have attenuated
Comparative and cumulative effects CL Dunn et al the significance of the relationships assessed. Study findings are likely to be conservative estimates of the impact of behavioral changes on weight loss. Finally, these results are based on a postanalysis simplification whereby models were tailored to fit the observed data; as such, small effects should not be overinterpreted, and attention should be focused instead on the larger pattern of effects. Strengths of the current report include the large study sample, prospective research design and lengthy follow-up duration.
In conclusion, findings of this study corroborate previous research results indicating that dietary changes contribute more to weight loss than increased physical activity when undertaken during the same timeframe, and that a combined approach of dietary changes and increased physical activity is more effective at reducing weight than an approach that focuses on either behavior alone. This study also suggests that the cumulative effect of concomitant changes in diet and exercise is different for men and women, whereby a synergistic interaction appears to be present in women. Future research is needed to clarify the physiological mechanisms and/or measurement issues underlying the distinct patterns observed within and across genders. Additional research is also needed to increase our understanding of the absolute effects of diet and exercise on weight loss, as this would aid in developing the most effective recommendations for weight loss and weight maintenance.
